










Overview of Continuous Monitoring and Adaptive Control for Enhancing or Converting 
Approved Stormwater BMP Types in the Chesapeake Bay Watershed 

 
Marcus Quigley, P.E., D.WRE. and Jamie Lefkowitz, P.E. 

 
There are now reliable, robust, and secure solutions for cost effective continuous monitoring and adaptive                             
control (CMAC) of stormwater infrastructure. These solutions have an important role to play in accelerating                             
the enhancement and conversion of existing stormwater facilities and construction of new facilities. CMAC                           
solutions integrate information directly from field deployed sensors with real­time weather forecast data (i.e.,                           
NOAA forecasts) to directly monitor performance and make automated and predictive control decisions to                           
actively manage stormwater storage and flows. The approach is non­proprietary, commercially deployed                       
throughout the county for other stormwater management applications, and the outcomes have been verified                           
by separate independent research efforts.  
 
Specifically CMAC BMPs can improve environmental outcomes by: 
 

● Using a facility’s storage volume to detain flow across all storm sizes.  
● Dramatically improving water quality from facilities by increasing residence time and/or improving                       

unit process effectiveness (e.g., settling, denitrification). 
● Restoring pre­development hydrology and base flows by actively modulating release rates based on                         

forecast information. 
● Increasing the volume retained on site. 
● Intelligently detaining flows in combined sewer systems for release during dry weather. 
● Reduce the frequency of flooding events. 
● Enabling durable and adaptable designs that are less dependant on site specific conditions. 
● Being adaptable to future climatic conditions or changes in site characteristics without new                         

infrastructure and with only operation changes. 
 
and reduce technical, regulatory, and compliance risk by: 
 

● Providing auditable performance and supporting data without additional cost. 
● Increasing uptime of facilities through alerting of operational or maintenance issues. 
● Providing direct verification of facility performance. 

 
State of the Practice and Technical Discussion: 
Through empirical research, modeling, and widespread field deployments, CMAC solutions have been                       
shown to result in significant increases in the performance of a range of existing stormwater BMPs while                                 
reducing operational and outcome risk.   
 
Example Field Deployments and Existing Research: 
 

● EPA and the Water Environment Research Foundation (WERF) ​published a report                     
“​Transforming our Cities: High Performance Green Infrastructure”​, which was a pilot level study at                           
eight locations around the country (WERF, 2014). The study concluded that distributed real­time                         
control of green infrastructure can: significantly reduce contributions to combined sewers and                       
mitigate post­storm combined sewer overflows, reduce stormwater runoff, conserve water, with                     
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particular benefits in drought­inclined areas, maximize reuse for irrigation. No other BMP can                         
simultaneously accomplish these goals 

● Center for Research in Water Resources at the University of Texas at Austin and                           
Geosyntec (2015) showed that a passive dry pond conversion to a CMAC wet pond resulted in a                                 
facility that achieved a 73% reduction in Nitrate+Nitrite (Geosyntec, 2015) and a six fold reduction                             
(from an average of 0.66 mg/L to 0.11 mg/L) in Nitrate+Nitrite over the pre­retrofit dry basin. 

● Muchalla et al. (2014) found that retaining water using real­time rainfall­driven controls resulted in                           
a 48 to 60% increase in removal of small particles from captured stormwater. “The removal                             
efficiency for suspended solids could be significantly increased by all control strategies and the                           
hydraulic peaks were reduced by at least 50%... [CMAC solutions] provide significantly higher                         
removal efficiency for suspended solids and a possible flexible adaptation to future demands”.                         
Increasing retention time without increasing storage volume, such as with a dry pond to wet pond                               
retrofit, has been shown to increase total suspended solids removal from 39 to 90% and                             
ammonia­nitrogen removal from 10 to 84% (Carpenter et al., 2014 and Gaborit et al., 2012).  

● An analysis of the performance of the addition of CMAC on the harvesting systems                           
installed in at USEPA headquarters in Washington DC greatly improved the system’s ability to                           
mitigate stormwater volumes and flow rates and improve water quality. Total mass reductions                         
estimated from this system during a one year monitoring period indicate removals based on                           
residence time of 89% (TSS), 14% (TP) and 77% (TN), (Debusk, 2015). 

 
Typical Applications in the Chesapeake Bay Watershed: 
CMAC of stormwater storage can have a particularly positive impact on the water quality improvement                             
performance of existing approved best management practice (BMP) approaches while also restoring                       
predevelopment flows. CMAC provides a mechanism for achieving both the BMP Conversion and BMP                           
Retrofit categories of retrofits recognized by the Chesapeake Bay Program Expert Panel to Define Removal                             
Rates for Urban Stormwater Retrofit Projects (Scheuler et al., 2012) using existing approved retrofit                           
approaches. 
 
Stormwater BMPs with forecast­based adaptive control achieve better pollutant removal and runoff reduction                         
outcomes because, among other benefits, they can increase the amount of time that stormwater remains in                               
the treatment facility without compromising capture rate while also reducing the frequency of erosive flows.                             
Further, the technology used to deploy the CMAC also collects performance continuously, allowing for                           
accurate and precise quantification of a BMP’s actual (not theoretical) performance. Direct continuous                         
monitoring of facility performance should be the gold­standard in the Chesapeake Bay Watershed for                           
quantifying and verifying load reduction credits and verifying implementation plan results. This direct                         
documentation is available using CMAC solutions with approved BMP types. 
 
Considerations for Use of CMAC in the Chesapeake Bay Watershed 
CMAC provides a reliable, cost effective means for continuous monitoring and adaptively controlling new                           
and existing stormwater quality facilities. Given that CMAC can provide significant and auditable                         
performance enhancements to approved BMP types, credit should be given for directly demonstrated                         
outcomes.  Specifically: 
 

● In the current credit system, a wet pond only gets credit for its volume. However, with CMAC, the                                   
precise volume that meets treatment requirements is continuously measured. Therefore, credit can                       
and should be given for the actual treated volume, increasing the credit derived from an existing                               
BMP.  
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● CMAC is an enhancement to BMPs; therefore, no new BMP types are required to be approved by                                 
the expert panel. 

● Annual reporting of CMAC integrated project performance should accompany annual compliance                     
reports under implementation plans. These reports should be verified by a professional engineer in                           
the state of record. 

 
Conclusions 
Over the past decade, significant advances in hardware, software, communications infrastructure (i.e., the                         
internet) and scalable computing architectures (i.e., cloud computing) have made it cost­effective to deploy                           
reliable, secure, highly intelligent continuous monitoring and adaptive control solutions to help address some                           
of our most challenging water quality issues. We have a significant opportunity to leverage these new                               
technologies alongside the significant existing work of the Working Group and Expert Panel reports to help                               
protect and restore the Chesapeake Bay. 
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Examples and References 
 
Retrofit Example 1: Dry Pond to Wet Pond Conversion 
Forecast­based CMAC provides the most cost­effective method to convert a dry pond to a wet pond, adding                                 
quantifiable water quality improvement performance without substantially altering the footprint or structural                       
design of the facility. The retrofit involves modification of the passive outlet structure with a fail­safe                               
actuated valve and installing a level sensor in the pond storage area. In order to evaluate the long­term                                   
performance of these systems, continuous simulation modeling has been conducted using 50 years of                           
hourly rainfall data from Baltimore Washington International Airport (OptiRTC, 2015). The model simulates                         
the function of a storage unit sized to capture 1.5 inches of rainfall per impervious acre with an adaptive                                     
controlled outlet sized to drain from full in 48 hours, when fully open. The active control logic, designed to                                     
maximize retention time by closing the valve except when rainfall is predicted in the 48­hour forecast,                               
achieves: 

● 270­hour average retention time of discharged water (the existing dry pond achieves ~12 hours                           
average retention time) 

● 74 percent reduction in wet­weather flow volumes 
● 70 percent asset volume utilization during wet­weather 

These metrics were calculated without assuming any infiltration or evapotranspiration loss from the pond,                           
which would further increase the performance of the system. 
 
Retrofit Example 2: Enhancing the Performance of an Undersized Stormwater Asset 
In a recent field study, adaptive control was added to a small legacy wet pond to mitigate post­development                                   
erosive flow impacts and improve water quality. The total storage volume equated to just 0.1 inches of                                 
rainfall per impervious acre. Analysis of one year of monitoring data resulted in a 25 percent reduction in the                                     
duration of channel­forming flows and that approximately 15 percent of total runoff volume was shifted from                               
wet weather to dry weather period (equating to approximately 22 times the active storage volume of the                                 
pond). Furthermore, the adaptive control retrofit also inherently provides continuous monitoring data and                         
real­time information on water quality performance indicated by retention time. For example, using readily                           
available readings of water level and discharge rate, the facility reported that 31 percent of the total volume                                   
of water discharged from the pond during a 6­month wet­weather season had been retained for 24 hours or                                   
more. This type of reporting goes far beyond what is possible or practicable for passive, unmonitored BMPs                                 
where monitoring is an afterthought or additional (frequently costly) project. CMAC presents the possibility                           
to bring stormwater permitting and crediting on par with point source discharges ­ basing compliance on real                                 
field collected performance data instead of design criteria and largely uncalibrated site level modeling. 
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Continuously Monitored and Adaptive control (CMAC) 
Retrofits for Approved BMP Types

Not a new technology - relies on existing approved BMPs 
for treatment,

 but has significant additional benefits:
Benefits of Continuous Monitoring

● Direct verification of performance.
● Auditable performance and supporting data without additional cost.
● Increasing uptime of facilities through notification of operational issues.
● Reduce maintenance costs without sacrificing performance.

Benefits of Adaptive Control
● Dramatically improving water quality from facilities by increasing residence time and/or improving unit process 

effectiveness (e.g., settling, denitrification).
● Reduce the frequency of flooding events.
● Enabling robust adaptable construction designs that are less dependant on site specific conditions.
● Allowing for updated operation to adapt systems to for future climatic conditions or changes in site 

characteristics.
● Utilizing an entire facilities storage volumes for the full range of storm event sizes. 
● Intelligently detain flows in combined sewer systems for release during non-critical periods.
● Restoring pre-development hydrology (i.e., flow-duration matching) by actively modulating release rates based 

on forecast information.
● Increasing the volume retained on site.
● Maintaining ecological base flows.
● Allowing for changes to operation without major redesign or reconstruction.
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Continuous and adaptable stormwater management

1. level sensor
2. actuated valve

3. internet/cellular connection
4. grid or solar power

5. stormwater infrastructure

-Cloud architecture
-Robust data security

-Advanced user authorization
-Configurable logic algorithms that optimize 

complex, multi-variable results
-Online dashboard interfaces

-APIs for data export/analytics

Combine sensor data, weather forecasts, and algorithms 
to optimize stormwater infrastructure through active, cloud-based control

Bethany Creek Falls Project completed in partnership with 
Clean Water Services, Geosyntec Consultants, and Opti

Base Image: Adam McGuire, Geosyntec 
Rendering: Emily Glass, Opti
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BMP Conversion: Dry to Wet Pond Modeling

● 50 years of hourly rainfall data from BWI
● Simulated passive dry pond and active retrofit to wet pond
● Various storage sizes
● 74 percent wet weather capture by volume
● 70 percent asset volume utilization during wet weather
● 270-hour average retention time of discharged water
● Complete runoff retention 76 percent of wet weather hours
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BMP Enhancement: Wet Pond Retrofit

● 120 acre drainage 
area

● Runoff from 0.2” in 
storm event or 0.12” 
of impervious storage

● Very small existing 
pond

● Did not have an 
original water quality 
control purpose

Butternut Creek Project completed in partnership with 
Clean Water Services, Geosyntec Consultants, and Opti
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 Field Monitoring Results 
Accurate and Precise Performance Metrics

Water Quality Stream Restoration

Quantitative and Verifiable Reporting Data

0.1 watershed inches of storage - dramatic increases in 
retention time for a very small facility 

Butternut Creek Project completed and analyzed in 
partnership with Clean Water Services, Geosyntec Consultants, and Opti
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Dry pond to wet pond retrofit (no active 
control) increased retention time and 
improved TSS and ammonia-nitrogen removal 
efficiencies

TSS: from 39 to 90%
NH3-N: from 10 to 84%

Carpenter et al. 2014
Gaborit et al. 2012

Increased control ➝ Increased retention time ➝ Increased WQ benefit

increased removal of smallest 
particle fraction 

with increased active control

48-60% better removal efficiency of small 
particles in pond with active, rainfall-driven 
control 
Muchalla et al. 2014
Smaller particles have higher associated 
phosphorus concentrations than larger 
particles
Moquecho and Pitt 2005

Muchalla et al. 2014
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actual removal for runoff detained (volume reported) 

Credit Calculation: possibilities with quantification of volume treated 

credit for undersized wet pond example
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CMAC Facility Types

Conversion Types 
● Dry Pond to Wet Pond 
● Wet Pond to Wet Extended Detention Pond

Enhancements
● Wet Extended Detention Ponds
● Bioretention 
● Wetlands 
● Demand Dependant Cisterns to Fully Utilized Cistern
● Infiltration Facility

Benefits
● Increased residence time
● Increased volume retained
● Restore pre-development hydrology 
● And additional benefits
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288 Central Avenue
Dover, New Hampshire 03820-4 I69

(603) 516-6023
Fax: (603) 516-6049
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November 2, 2015

City of Dover, New Hampshire
OFFICE OF THE CITY MANAGER

Newton Tedder
U.S.Environmental Protection Agency, Region 1
5 PostOffice Square, Suite 100
Mail Code OEP06-4
Boston, MA 02109-3912

Re: City of Dover comments on EPA proposed 2015 Draft NH M54 permit Revisions

Dear Mr.Tedder:

The City of Dover submits this comment letter to the proposed changes to the EPANPDESNH General Stormwater
Permit. Dover as a member of a Coalition of concerned communities includes by reference the attached set of
comments prepared by Sheehan Phinney Bassand Green on behalf of the communities dated November 2, 2015.
In addition Dover submits the following additional comments for the record.

Dover hasan extensive stormwater system, much of which dates back well before 1940. During the past 15 years the
city has devoted significant effort and funds to upgrade and maintain the stormwater system. The MS4 program has
raised awareness in the public to build support to make available the resources for better management and
performance of the system. As a result there is less fiooding during large rain events and water quality exiting the
system has improved.

Section 2.1.1.asuggests that any contribution of a pollutant from a stormwater pipe to a water body not meeting water
quality standards would be in violation. The permit language does not consider or define a deminimis concentrations
from an intermittent discharge, creating an unacceptable and unreasonable burden on Dover and any MS4 community
to comply. A low concentration of a pollutant exiting a stormwater pipe that intermittently discharges to an impaired
river would not be a cause of not meeting water quality standards, but would be considered to contribute to the
exceedanc€. Every stormwater outfall discharging to an impaired waterbody would require retrofits and still never be in
compliance.

Sec 2.1.1.b and c 80th subsections include the phrase "(or its tributaries in some cases)" This is a vague description and
leaves its application to who's discretion, EPA,NHDES,others?

Sec.2.1.1.c This section provides an on ramp to include additional portions of the stormwater system to come under
additional requirements if water quality standards of receiving streams are found not in compliance for any of the
referenced pollutants. The term "water quality limited" is not defined in Appendix A.Appendix A should be updated to
include a definition. The definition should clearly define "water quality limited" utilizing the same standards to list a
stream as impaired. .-

Conversely the permit does not provide an off ramp for assessment units that show they are meeting water quality
standards through either a future 303(d) delisting or recent water quality data suggesting that water quality standards

mailto:m.joyal@dover.nh.gov
http://www.dover.nh.gov


are being met. The permit should provide language which allow communities to devote resources where most needed
and based on the most current information available. The current permit was issued in 2003 and since then there have
been numerous 303(d) lists approved all within the current permit. This is an important issue that needs revision in the
proposed permit. Linking the permit requirements to the approved 303(d) list at the time the final permit is issued, 2012
303(d), and remain in effect until the next permit is issued doesn't work or make sense.

Sec.2.2.1.eThis section references Appendix FTable F-1which lists the bacteria impaired waterbodies by community.
The waterbodies listed appear to be from the 2010 approved 303(d) listing. EPAhas recently approved the 2012 list and
NHDEShas issued a draft of the 2014 303(d) list which is based on the most currently available information. The list in
Table F-1 in Appendix Fshould reflect the latest information available for bacteria.

Sec.2.2.2ReferencesAppendix H.Appendix H Part 1 references "Water Quality Response Plans"which are no longer
proposed in the permit and the language should be deleted from Appendix H and all other places in the permit.
Perhaps the Stormwater Management Plan would serve asan appropriate substitute.

Attachment 1 to Appendix H prescribes calculations to measure load reductions when a new BMP is installed. The
methodology calculating load reductions should be consistent with those being developed in the PTAPprocess in New
Hampshire. Communities that agree to participate in the PTAPprogram should be exempt from the proposed MS4
reporting requirements to EPA.MS4 reporting would be redundant and potentially produce conflicting results if
methodologies aren't consistent. The addition of new language in the proposed MS4 could provide MS4 communities
with an exemption from the MS4 reporting asan incentive to participate in PTAP.This comment also applies to Sec.
2.3.6.e;Appendix H Part I. 1.c.iii; and Appendix H Part II. l.c.iil.

Sec.2.2.2requires any MS41isted in Sec2.2.2.a.1.1must comply with the requirements in Appendix H Part 1.The
requirements apply for the entire MS4without regard to whether a catchment is discharging to a Nitrogen impaired
water body. A community may have only one outfall to a nitrogen impaired waterbody in their entire MS4 system; but
will be required to install and track BMPsfor nitrogen reduction throughout the entire MS4. Section 2.2.2 should apply
only to discharges to the impaired waterbodies.

Sec.2.2.2.d The City of Dover recognizes the chloride issue and appreciates EPA'sconcern. Dover derives its drinking
water from groundwater in glacial outwash deposits which are susceptible to chloride contamination, and agrees that
road salt used during winter operations on public roads and private properties are the primary source. The balance
between public safety and environmental protection are at odds on the issue but have not been ignored by MS4's.
Community winter operations are a significant public works budget item. Mangers are keenly aware of salt use from a
cost perspective as well. Dover and other communities have implemented automated equipment to uniformly lay
down salt which adjusts to vehicle speed, performed equipment calibration, and hold annual training for staff on
appropriate use of deicing agents. Dover was one ofthe first communities in NH to embrace using salt brine as a pre-
treatment practice. Pre-wetting salt has been a standard practice for more than a decade in Dover.

Dover believes it makes sense for an MS4 to report salt use on an annual basis from year to year. The proposed tracking
requirements in the draft permit are overly burdensome and will not produce any benefit. Each winter season and each
winter storm is unique. The natural variability in winter weather from storm to storm, and year to year will make the
proposed data reported impossible to make any sense of. Storm intensity varies widely by geography aswell. Asan
example a winter storm in Dover frequently has snow in north Dover, sleet and ice in central Dover and all rain on Dover
Point, while the storm may be all snow in Rochester.

Winter operations utilize different techniques based on type of precipitation and pavement temperatures. Sunny days
and cold nights create melting in the day followed by refreezing at night requiring salting operations even though there
was no storm. Dover suggests that the permit reduce the reporting to a simple annual salt use by weight asa way to
judge effectiveness over the long run. Staff training, investment in state of the art equipment and educating public
regarding appropriate driving during winter are the most important factors that will produce desired lower salt use.
Dover hasalready implemented all of the proposed reduction strategies for its operations so projecting additional
reductions is not beneficial asvariability in annual weather will drive the use of salt.



Dover agrees that a private sector salt use accounting program will have educational value to independent contractors
and property owners and produce positive benefits. However, the proposed changes in the permit place the burden on
the MS4community to initiate and enforce a program for private properties to reduce and track salt use.The
effectiveness and enforcement of such a program hasmany obstacles both practical and political. EPAshould encourage
the State of NH to work with communities to augment wider participation in the existing salt reduction program for
commercial salt applicators, rather than putting communities in a noncompliance position with limited ability to
become compliant. A cooperative effort including EPANHDES,and the communities to educate the public on the
negative effects on surface and groundwater caused by salt, and how and when to use salt will achieve the needed
reductions.
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